Background: Overweight and obese children are at increased risk of a wide range of health conditions including respiratory diseases. In addition, inactivity can decrease pulmonary function. This study assessed the effect of obesity and inactivity on pulmonary function impairment in adolescents. Materials and Methods: This study was conducted on 80 adolescents. Subjects were divided into two groups. Group I included 40 untrained (VO 2 max= 29.30±4.20) fat adolescents (UO). Group II included 40 healthy trained (VO 2 max= 58.11±2.23) normal weight adolescents (TN). Body mass index (BMI), body fat percentage and waist to hip ratio (WHR) were calculated and pulmonary function tests were carried out according to the standard protocols. Data were analyzed using student's "t" test and Pearson's correlation coefficient. Results: UO had significantly lower pulmonary function values than the TN group. They also showed lower FEV1/FVC ratio when compared to TN group (P<0.05). In UO group, BMI, body fat percentage and WHR had a significant negative correlation with pulmonary function whereas in TN group only BMI had significant negative correlation with pulmonary function. A significant decrease in FEV1 was observed in the two groups, which led to a decrease in FEV1/FVC% after the exercise compared to before. Thus, exercise test induced airway resistance in both groups. Conclusion: untrained obese adolescents have more respiratory symptoms than their normal weight trained peers, and these factors are recommended to be used as a predictor of pulmonary function in assessment of obese children in epidemiological studies. In addition, obesity and inactivity can surcharge pulmonary function abnormalities in adolescents.
respiratory well-being, even in the absence of specific respiratory diseases, and may also exaggerate the effects of existing airway conditions (6) .
The causes of childhood obesity are manifold and include lack of regular exercise (7), sedentary habits (2), over consumption of high calorie foods (8) , genetics, and prenatal and early life factors (7) .
BMI is the simplest and most widely used index of adiposity (1) predicting body fatness in different age, gender and racial groups. It has been demonstrated to predict disease and it has been proposed as an overall indicator of mortality as well (3, 5) . BMI between 25 and 30 kg/m2 should be viewed as medically significant and worthy of therapeutic intervention especially in the presence of risk factors (8) (9) (10) .
Association between BMI and pulmonary function has been previously examined (1, 8, (10) (11) (12) and BMI has been reported to be negatively associated with values for dynamic lung volumes including forced vital capacity (FVC) and forced expiratory volume in first second (FEV1) (3, 12, 13) , as well as increased respiratory symptoms, even in Individuals without airway obstruction (14) . However, there have been very few studies investigating the relationship of BMI with pulmonary function (15) . It has been suggested that air flow obstruction, as measured by the FEV1/FVC ratio, is usually associated with obesity (13) . Indeed, the FEV1/FVC ratio may be increased in obese individuals if airway closure and gas trapping reduce the FVC. As a consequence of breathing at lower FRC, airway caliber is decreased throughout the tidal breathing cycle, resulting in an increase in airway resistance. It has been suggested that the increase in air flow resistance may not be due entirely to the reduced lung volume but the cause of this additional resistance remains unknown. Another study suggested that the mechanical effects of obesity on the lungs could alter airway smooth muscle (ASM) contractility and increase airway responsiveness, also, it has been suggested that tidal volumes (16) like expiratory reserve volume (ERV), ERV/inspiratory capacity and DLco/VA(6) may be reduced and affected in the obese subjects (5, 7, 14, 16) .
Some other studies have reported inverse associations between lung function and measures of central adiposity such as the waist circumference (WC) and the waist-to-hip ratio (WHR) (18, 19) . It clears that physical fitness is required not only by athletes for better performance but also by non athletes for maintenance of physical and mental health and pulmonary function is the longterm predictor of overall survival rates in both genders, and could be used as a tool in general health assessment (20) . Fatemi and Ghanbarzadeh found a significant correlation among the three independent variables of FEV1, FVC, FEV1/FVC and projected VO 2 max values or fitness. They concluded that these parameters have a close interaction with higher VO 2 max levels, and therefore, having a lower airway resistance seems beneficial (20) . In other studies it was indicated that one submaximal incremental aerobic exercise session causes a significant change in FEV1, FVC, FEV1/FVC (21, 22) . Thus, various studies were carried out showing the effect of severe and morbid obesity on pulmonary functions (23) . In addition, a recent study, found that higher body mass index (BMI) and obesity act as potential behavioral factors related to decreased asthma control and quality of life though not to asthma severity (17, 24) . Obesity usually results in a reduction in compliance of respiratory system like asthma (28, 29, 30) .
MATERIALS AND METHODS

Subject
Body fat percentage was measured by the bioelectric impedance method, using a body composition analysis (Olympia 3.3 Jawon Co., Korea). The height, weight and age of subjects were entered the instrument, subjects were asked to hold the instrument in both hands and after that, the digital reading of the body fat percentage was recorded (29) .
Lung functions and Assessment of airway resistance
All phases of this study were executed in laboratory at The MVV12 maneuvers were recorded using a spirometer (Digital Spirometry, JAEGER, USA), which also provided a predicted MVV (40 × FEV1) for each subject.
The MVVPRED was used to provide a target value for each subject to ensure that the maneuver was performed efficiently and correctly. Thus, the main focus was placed on ensuring that the participants especially overweight adolescents were aware of the correct way to complete a 12-s MVV maneuver (MVV12). Participants were encouraged to mimic the type of breathing encountered during heavy exercise (32 
RESULTS
Participant characteristics
The characteristics of the understudy samples are presented in Table 1 . Both trained and untrained groups were in the age range of 16 to 20 years. On average, the untrained subjects had a greater BMI, fat% and WHR than trained subjects. The untrained had mean BMI higher than 27 (kg/m 2 ) and trained males had BMI between 17 to 19 (kg/m 2 ). On average, all the measured parameters (except for age and height) were significantly different between the two groups. Thus, no significant differences in age or height were found between the two groups, indicating that the samples were homogeneous in this respect. However, as expected, weight, BMI, VO 2 max, fat%, and WHR were significantly different between trained and untrained groups ( Table 1) . There were statistically significant differences between trained and untrained males, in terms of FVC, FEV1, FEV1/FVC, V T , ERV, IRV, MVV and PEF values (Table 1) .
Overall, the trained group had higher (better) pulmonary function values than the other group (P<0.05), however, the untrained groups as expected, had higher values in weight, WHR, FAT% and BMI when compared to trained group (P<0.05). In addition, Table 2 shows the correlation between FAT% and pulmonary function in trained subjects. There was no significant correlation between FAT% and pulmonary function. However, FAT% had a negative correlation with VT, ERV, IRV, MVV, PEF, FVC, FEV1, and FEV1/FVC; but, among pulmonary function indexes, VT had the strongest negative correlation with FAT%.
Correlations in trained group
No significant correlation was found between WHR and pulmonary function. Except for PEF, other parameters of pulmonary function had negative correlations with WHR, but none of them were statistically significant. These results showed that the decrease in FEV1/FVC was -15.67 and -16.25 in trained and untrained subjects, respectively. Thus, similar to pervious studies both groups experienced airway resistance in the present study. Table 4 shows the correlation of airway resistance with pre-and post-exercise test in two groups. Significant correlations were found between BMI and FAT%, and WHR and FEV1/FVC ratio (r=-0.393*; r=-0.390*; r= -0.352* respectively) in untrained subjects but no significant correlations were found in this respect in the trained group. Table 3 . Comparison of mean ±SD and % reduction in airway resistance indexes in trained and untrained boys.
Correlations in untrained group
Airway resistance
Untrained Trained % reduction Results of the present study demonstrated a significant association between body mass index and pulmonary function in trained group. On the contrary, these results were inverse in untrained overweight group. In other words, there was a negative correlation between BMI and pulmonary function in this group. In addition, a negative correlation was found between body fat percentage and pulmonary function in both groups; however, the difference only in the overweight group was statistically significant.
Likewise, in both groups, a negative correlation was found between waist to hip ratio and pulmonary function;
however, similar body fat percentage, these consequences was significant in overweight group. This finding supports the correlation of fat percentage, waist to hip ratio and body mass index with increased airway resistance in untrained group but not in trained group (Table 4) .
In our study, the obese inactive group showed lower It has been reported that in obese subjects, airway abnormalities include a predominant increase in proximal airway resistance but only minimal distal obstruction (36) .
Thus, the most interesting finding was the negative significant correlation between BMI and FEV, and FVC in obese and non-obese groups, after the exercise test; but, the correlation between BMI and FEV1/FVC was only significant in obese group. This finding was unexpected and suggests that BMI can be used as a predictor of airway resistance for the assessment of obese adolescents in epidemiological studies. In the literature, it has been shown that pulmonary function is under the influence of muscularity and fat distribution rather than body weight (38) . Therefore, in overweight and obese teenagers, appropriate aerobic exercise training can partly improve lung function by strengthening the muscles of respiration (15) . However, in order to achieve the predicted values of lung function, a further increase in activity duration and decrease in BMI are necessary (39) . In addition, it has been mentioned that one submaximal incremental aerobic session of exercise causes a significant decrease in FEV1
and FEV1/FVC, and may be the cause of exercise induced asthma (22) . Also, it is obvious that exercise training affects pulmonary function, as well as VO 2 max. Therefore, it can be concluded that these indices have close interactions, and subjects with higher VO 2 max have a lower airway resistance (20) . In fact, increased BMI was associated with increased FEV1 and FVC. However, decrements in the 
CONCLUSION
The results showed that in untrained obese adolescents, fat% and BMI were significant negative predictors of pulmonary function whereas WHR was not. In contrast,
only BMI was significantly associated with pulmonary function in trained adolescents. Also, the present study showed that the relationships among BMI, body fat percentage (BF %), and body fat distribution differ in trained and untrained populations, especially in adolescents with same age and height.
However, it has been indicated that BMI and BF% are poor indicators of health status among young adults (44) .
But, based on the results of the present study, in obese subjects BMI was closely correlated with BF% and WHR and its changes could reflect the variations of pulmonary function. Combination of BF% with BMI in this group might be necessary for assessment of pulmonary function.
In normal weight trained subjects only BMI was a good predictor of pulmonary function and WHR and body fat % were not. In addition, obese subjects may have impaired lung function, but its mechanism is unclear. Obesity can affect the thorax, diaphragm, and abdominal muscles and due to increased respiratory effort and impairment of the 
